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The kinetics and mechanisp:t of base hydrolysis of salicylato- and m-hydroxy- and
p-hydroxy-benzoato-pentaammine-cobalt(III) complexes have been studied spectrophoto-
metrically in the temperature range 40-50°, alkali concentrations O·OOl-O·3Mand at ionic strength
O·3M. For the salicylato complex, the experimental data fit into the rate expression:
k _ k1K[OH-]+k2K[OH-]2
obs - - l+K[OH-]
The base hydrolysis of the m- and p-hydroxy-benzoato complexes, however, is found to follow
the rate expression kobs = k,[OH-]. Values of the rate constants and the corresponding activa-
tion parameters have been evaluated.
THE base hydrolysis of a number of carboxyl-atopentaammine-Co(III) complexes has beeninvestigated by several workerst". Fission
of the Co-O bond and in some complexes fission
of both Co-O and CoO bonds during base hydrolysis
have been postulated to account for the experi-
mental data. Participation of intramolecular arnido-
or phenate groupss in promoting CoO bond fission
has been reported in literature. It was, therefore,
considered of interest to study the base hydrolysis
of the salicylatopentaammine Co(III) complex so
as to examine the role, if any, of the intramolecular
phenate ion in promoting base hydrolysis of the
complex. For comparison, base hydrolysis of m- and
P-hydrogybenzoatopen taamrnine-Co (III) complexes
have also been examined.
Materials and Methods
Aquopentaammine-Co(III) perchlorate was pre-
pared and purified by the method of Splinter ei al."
Salicylate- and m- and p-hydroxybenzoatopenta-
ammine-Co(III) perchlorates were prepared by the
method of Gould and Taube" and purified by repeated
crystallizations from aq. perchloric acid and dried
over fused calcium chloride at room temperature.
The purity of the complexes were checked by esti-
mating their cobalt content by the method indicated
below.
About 0·1 g of the complex, moistened with a
few drops of cone. H2S04, was carefully heated in
a silica crucible till the evolution of S03 fumes
ceased. It was then heated strongly for about
30 min. The black residue was heated with potas-
sium pyrosulphate till a clear blue melt was obtained.
The amount of cobalt in the melt was estimated
by the method of Laitinen and Burdett". ~ll
the complexes gave satisfactory elemental analysis.
Salicylic acid (AR, BDH) was used as such.
m-Hydroxybenzoic (LR, Fluka) and p-hydro~y-
benzoic acid (LR, Fluka) were recrystallized twice
from distilled water and dried at room temperature
over fused calcium chloride. Sodium perchlorate
(LR, BDH) was used to maintain the ionic strength.
Sodium hydroxide (AR, BDH) and hydrochloric
acid (AR, BDH) were used for base hydrolysis
studies. All the solutions were prepared in doubly
distilled water. Optical density was measured on
a Beckman DU2 spectrophotometer using 1 em
matched quartz cells, distilled water being used
as the 100% transmission standard.
Kinetic measurements - To an equilibrated solution
of sodium hydroxide and sodium perchlorate of
appropriate concentrations was added quickly an
equilibrated solution (10 ml) of the complex and
the volume made up with distilled water previously
equilibrated at the same temperature and then
thoroughly shaken before being replaced inside
the thermostat. Aliquots (5 ml) were withdrawn
at different time intervals into a 100 ml measuring
flask containing known volume of standard hydro-
chloric acid to quench the reaction. The volume
was made up with distilled water. The amount
of acid taken was such that the final solution was
0'015M with respect to HCI in all the runs (as change
of PH was found to affect the absorbances). The
reaction was followed by measuring the decrease in
optical density, with time, of the resulting solution.
If Do be the optical density of the solution at ' zero '
time, D, at time' t ' and D", for 100% reaction,
the observed pseudo first order rate constant kobs
can be expressed as
«; =(2'303/t)log(Do-D",)/(Dt-D",)
The value of D", (for 100% reaction) was taken to
be the optical density of a solution containing
aquopentaammine-Co(III) perchlorate, the appro-
priate hydroxy benzoic acid and HCI at concen-
trations corresponding to 100% reaction of the
complex. The values of kobs and their errors were
calculated by the method of least squares with
the help of IBM 1130 computer.
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Evaluation of rate parameters - The pseudo-first-
order rate constants (kobs) for base hydrolysis of the
salicylatopentaammine complex at varying [alkali]
were fitted to Eq. (la) using a nonlinear least
squares programme, which varied kIK, k2K and K
and minimized the function F as defined by Eq. (lb).
kobs =(k1K[OH-]+k2K[OH-]2)/(1+K[OH-]) ... (la)
i=fl,
F =L [(k1K[OH-];+k2K[OH-];2)/(1+K[OH-];)
;=1
-kobsi]2/(crkobsi)2 ... (lb)
where n is the number of alkali concentrations at
which kobs has been evaluated.
The rate data for the m- and p-hydroxy complexes
were fitted to Eq. (2) and k2 calculated using a
linear least squares programme.
kobs = k2[OH-] ... (2)
The activation parameters (/)",H* and /)",5*) were
calculated from Eq. (3)
k =(RT/Nh)exp(-6.H*/RT+6.5*/R) ... (3)
by a nonlinear least squares programme.
Results and Discussion
The best values of kl and K for salicylato complex,
the best values of k2 for all the three complexes
and the activation parameters are collected in
Table 1. A comparison of kObS and keal values
are given in Table 2 where keal stands for the
rate constants calculated from Eq. (la) or (2) using
the best values of kl and k2 in the case of salicylato
complex and best values of k2 in case of the m- and
p-hydroxy-benzoato complexes.
In the range of alkali concentrations studied,
the rate data for all three systems fit best to the
TABLE 1 - BEST VALUES OF K, kl' k. AND
THERMODYNAMIC PARAMETERS
Ternp., °C
SALICYLATOPENTAAMMINE(a)
104k1 (M-I secl)
103k. (M-I sec'")
119·8
(±3-8)
1·27
(±O'03j
.0·33
(±.o ..ol)
8.0'5
(±1'5)
6·94
(±.o'11)
2·15
(±.o·.o7j
98'7
(±2'.o)
3·.07
(±.o·.o3)
.0'84
(±.o·.o3)
m-HYDROXYBENZOATOPEJ);TAAMMINE(b)
1·62
(±.o·.ol)
3'34
(±.o·.o2)
8·35
(±.o .Dl )
p- HYDROXYBENZOA TOPENT AAMMINE(C)
1-3.0
(±.o ..o.o)
3-17
(±.o·.o8)
5·72
(±O'16)
(a) /:;'H* values for k) and k. paths (at 4.0°) are 33'3±.o'5
and 37·1 ± 1'1 kcal mole"! respectively while the corres-
ponding values for /:;.5· at 5.0° are 3.o·.o±.o·2 and 43'9±.o'3
e.u. respectively.
(b) /:;.H* value for k. path at 4.0° is 33·9±.o·1 kcal mole'?
and /:;,5* value for k. path at 5.0° is 36'9±.o'3 e.u.
(c) /:;'H* for k. path at 4.0° is 30'2±.o'5 and /:;.5· for k,
path at 5.0° is 24'8±!'5 e.u.
40
•• K~
(NHJ)5coOCOCG~(OH)+OH .;::::.- (NH3)::;C00C0CoH4 (0) + "\?
I li
SchamQ_'
rate law (la). The form of this rate law suggests
that the base hydrolysis proceeds via two simul-
taneous pathways, one being first order (kl) and
the other apparently second order (k2)' The reaction
mechanism which is in accord with the above rate
law is shown in Scheme 1.
It has been noted earlier that the observed rate
data for the base hydrolysis of the salicylato complex
follows the rate expression (la), whereas for the
m- and P-hydroxy complexes a simplified form of
(la) i.e. Eq. (2), holds good. This is explained by
considering the following two equilibria:
J{'
(NH3)5COOCOC6H4(OH-)~
(NH3lsCoOCOC6H4(O-)+H+ ... (4)
J{
(NR3) 5COOCOC6R4(OR) + OH -~
(NR3)5COOCOCaR4(0-)+R20 ... (5)
where
K = K'/Kw ••• (6)
(' Kw' is the ionic product of water)
The K values for the salicylato- and m- and p-
hydroxybenzoatopentaammine-Co(III) perchlorates
at 300 and fL = 0'3M have been found to be 5·1 X
10-12, 2·8 X 10-10 and 4·3 X 10-10 respectively". These
results indicate that in the entire range of [alkali]
(0·OOl-0·3M), m- and p-hydroxy complexes would
exist as the phenate species (II), whereas, the
slicylato complex would exist both as the phenate
and the phenol species, particularly at lower [alkali].
The ki path according to Scheme 1, corresponds
to Co-O bond rupture directly by an internal 5N2
type attack of the phenate oxygen at the Co(III)
centre via a six-membered transition state. The
absence of path-I in the case of the m- and p-hydroxy-
benzoato complexes indicates that the phenate
group is effective in promoting reaction by Co-O
bond fission only in ortho-position as in salicylato-
pentaammine complex and is not effective in the
meta- and para- positions. The acid hydrolysis of
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TABLE 2 - RATE CONSTANTSFOR THE BASE HYDROLYSISOF VARIOUS COMPLEXES
[OW] 106kobs (sec'")
M
40±0'1°C 45±0'1°C 50±0'1°C
Obs. Calera) Obs. Calc.(a) Obs. Calc.(a)
SALICYLATOPENTAAMMINE·Co(III)PERCHLORATE
0'001 1'64±0'0 1·36 2-81 ±O'O 2·76 6·70±0·2 5·18
0'0025 2·71 ±O'O 2·94 5'18±0'5 6·12 il·7 ±O'O 11·7
0'005 4'40±0'1 4'82 10'3 ±0'1 10·3 22·6 ±0'8 20·2
0'01 9'17±0'3 7-10 18'2 ±1'5 15'7 34'6 ±1'8 31·9
0'02 10'6 ±0'1 9'42 21·7 ±0'4 21-5 50'6 ±4'2 45'5
0·04 10'1 ±0'8 11'6 29'2 ±0'4 27·2 59·7 ±0'4 59'5
0·08 12'0 ±0'3 13'9 31·6 ±1'5 33·2 74'3 ±0'6 75'0
0·10 14'0 ±0'5 14'8 35'4 ±0'1 35·5 83·0 ±5'0 80·9
0'15 18'3 ±2'1 16·7 41·7 ±0'2 40·6 94·2 ±0'4 93'9
0'20 18'5 ±0'3 18·5 43·4 ±2'7 45'2 100 ±7 106·0
0'25 21'8 ±H 20'3 50'0 ±2'3 49·7 110 ±7 117'0
0·30 22'3 ±0'3 22'0 52·0 ±1'0 54-1 120 ±18 129'0
m-HYDROXYBENZOATOPENTAAMMINE·Co(III)PERCHLORATE
0·01 1'48±0'1 i-ezo» 4'11±0'0 3'34(b) 8'13±0'0 8'35(b)
0·02 3'45±0'0 3·24 7'94±0'5 6'68 17·5 ±0'1 16·7
0'04 6'67 ±0'1 6'48 16'8 ±0'1 13'4 32·7 ±0'2 33·4
0'08 11'9 ±0'1 13-0 26·8 ±0'7 26'7 69'4 ±0'2 66'8
0'10 16'4 ±0'5 16·2 34'3 ±1'2 33·4 82'2 ±0'7 83'5
0'15 27'6 ±O'O 24'3 52·9 ±0'2 50·1 107 ±3'0 125'0
0'20 29'0 ±0'8 32·4 68'7 ±4'9 66'8
0'25 37'5 ±2'8 40·5 191 ±O 209·0
0'30 51'7 ±5'8 48·6 96·9±0·9 100·0 243 ±11 251·0
p-HYDROXYBENZOATOPENTAMMINE-Co(III)PERCHLORATE
0·01 1'51 ±O'O 1'30(b) 3'13±0'2 3·17 7'18±0'2 5'72(b)
0·02 2'56±0'1 2·60 5'73±0'4 6·34 12'3±0'8 11·4
0·04 4'30±0'0 5'20 10'4 ±0'6 12·7 20'4±0'9 22'9
0·10 10·5 ±0'5 13-0 34-1 ±1'2 31·7 55'7±1'1 57'2
0·15 15·8 ±0·3 19'5 45·2 ±1'3 47'6 102 ±1'0 86'8
0·20 23·9 ±0·5 26·0 66·3 ±0'3 63·4 95·4±6·3 114'0
0'25 32'8 ±0'7 32·5 77·9 ±2'6 79·3 152 ±1'0 143·0
0'30 43'2 ±0'7 39·0 94-8 ±1'1 95·1 170 ±6·0 174'0
(a) Calculated from the best values of k" k2 and K using Eq. (la).
(b) Calculated from the best values of k2 using Eq. (2).
salicylatopentaammine complex has been shown-?
to proceed via the Co-O bond fission requiring an
activation energy of 38·3 (± 4·0) kcal mole-l. A
comparatively lower activation energy (33·3 ± 0·5
kcal mole+) for the k1 path in the present investi-
gation supports a phenate-assisted Co-O bond
heterolysis. The absence of the k1 path in the m-
and p-hydroxy-complexes results in the simplified
rate law of the form (2). Plots of log K versus
lIT were found to be linear. On extrapolation,
the value of K for the salicylato complex at 30°
(!L = 0·3M) from kinetic data is found to be 168
which is in fair agreement with the value of 255
(ref. 6) obtained by measurement of the acid disso-
ciation of the phenolic group of the complex in
buffer medium spectrophotometrically.
The k2 path for base hydrolysis is believed to be
due to two simultaneous paths, one by the attack
of OH- at the acyl carbon atom leading to C-O
bond rupture (k"2 path) and the other by the Co-O
bond rupture via SN1CB mechanism (k'2 path).
In the base hydrolysis of some carboxylatopenta-
ammine-Co(III) complexes+" simultaneous Co-O
and C-O bond fission paths have also been proposed
to explain the rate data. In the absence of tracer
studies involving 180 isotope it is not possible to
choose between the k' 2 and k" 2 paths for the reaction.
References
1. JORDAN, R. B. & TAUBE, H., J. Am. chem, Soc., 88
(1966), 4406.
2. ANGERMAN,N. S. & JORDAN, R. B., Inorg. Chem., 6
(1967), 379.
3. ANGERMAN, N. S. & JORDAN, R. B., Tnorg . Chem., 6
(1967), 1376.
4. BUCKINGHAM,D. A., FOSTER, D. M. & SARGESON,A. 1\1.,
J. Am. chem . Soc., 91 (1969), 3451.
5. CAPON, BRIAN & GHOSH, BmHAN CH., J. chem, Soc.
B., (1966), 472.
6. MULLICK, N., Ph.D. thesis, Utkal University, 1973.
7. SPLINTER, R. C., HARRIS, S. j. & TOBIAS, R. S., Lnorg .
Chem., 7 (1968), 898.
8. GOULD, E. S. & TAUBE, H., J. Am. chem, Soc., 86 (1964),
1318.
9. LAITINEN, H. A. & BURDETT, L. W., A nalyt . cte«, 23
(1951), 1268.
10. DASH, A. C. & NANDA, R. K., Lnorg . Cbem., 12 (1973),
2024.
